Blood pressure (BP) rhythm is exhibited in a circadian pattern regulated by complex system of endogenous factors. Administration of pharmacological treatment at the right time can influence the efficacy of treatment; but while kidneys play significant role in BP regulation, little is known about their role in chronopharmacotherapy. This study aimed to compare differences between morning and evening dosing with valsartan and amlodipine combination in both short-term and long-term settings and to elucidate the role of kidneys in chronopharmacology. Spontaneously hypertensive rats aged between 8 and 10 weeks were daily treated with 10mg/kg of valsartan and 4 mg/kg of amlodipine, either in the morning or in the evening with treatment duration of 1 and 6 weeks. After short-term treatment, only morning treatment group demonstrated significantly better outcomes in terms of BP control when compared to placebo. After long-term treatment, both treatment groups gained superior results in BP control against placebo; however, no significant difference was seen between morning and evening treatment. Interestingly, clock gene expression in kidney has been significantly modulated only in the evening-treated groups, with treatment intensifying the reduced Bmal1 levels, while Per2 expression was less altered. However, no direct relation with the outcomes of the therapy has been observed, suggesting that pharmacotherapy may serve as an independent modulator of peripheral circadian clock in the kidney.
Cardiovascular function, including blood pressure, displays daily rhythms, providing the basis for the formation of chronopharmacology, i.e. an implementation of chronobiology into pharmacodynamics and pharmacokinetics. Indeed, dosing time-dependent differences in efficacy of antihypertensive treatment have been reported in humans Combination treatment with valsartan and amlodipine intensifies evening suppression of Bmal1 clock gene in kidneys of spontaneously hypertensive rats Kombinovaná liečba valsartanom a amlodipínom zvyšuje večernú supresiu Bmal1 génu v obličkách spontánne hypertenzných potkanov
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Blood pressure (BP) rhythm is exhibited in a circadian pattern regulated by complex system of endogenous factors. Administration of pharmacological treatment at the right time can influence the efficacy of treatment; but while kidneys play significant role in BP regulation, little is known about their role in chronopharmacotherapy. This study aimed to compare differences between morning and evening dosing with valsartan and amlodipine combination in both short-term and long-term settings and to elucidate the role of kidneys in chronopharmacology. Spontaneously hypertensive rats aged between 8 and 10 weeks were daily treated with 10mg/kg of valsartan and 4 mg/kg of amlodipine, either in the morning or in the evening with treatment duration of 1 and 6 weeks. After short-term treatment, only morning treatment group demonstrated significantly better outcomes in terms of BP control when compared to placebo. After long-term treatment, both treatment groups gained superior results in BP control against placebo; however, no significant difference was seen between morning and evening treatment. Interestingly, clock gene expression in kidney has been significantly modulated only in the evening-treated groups, with treatment intensifying the reduced Bmal1 levels, while Per2 expression was less altered. However, no direct relation with the outcomes of the therapy has been observed, suggesting that pharmacotherapy may serve as an independent modulator of peripheral circadian clock in the kidney.
Rytmus krvného tlaku má charakteristickú cirkadiánnu štruktúru, ktorá je podmienená komplexným systémom endogénnych faktorov. 
mEthodS

Experimental design
We used eight-week-old male SHRs (Department of Toxicology and Laboratory Animal breeding (SAS, Dobra Voda, Slovak Republic). They were maintained under a constant environment with a controlled light/dark cycle for 2 weeks before the experiment. Valsartan and amlodipine besylate (a kind gift from Novartis, Ireland) were dispersed in a 0.5% solution of methylcellulose. The same vehicle was used for control groups as a placebo treatment. All experimental procedures involving the use of experimental animals were approved by the State Veterinary and Food Administration of the Slovak Republic and by the Ethics Committee of the Faculty of Pharmacy, Comenius University in Bratislava. We performed two experiments with different duration: 1 week and 6 weeks. Animals were randomized into groups based on the kind of treatment (AV -amlodipine+valsartan-treated; Con -controls receiving placebo). These were divided into two sub-groups based on the time of treatment (M -morning; E -evening). Animals in the AV groups were daily given 10 mg/kg dose of valsartan and 4 mg/kg dose of amlodipine by oral gavage in the morning between 7 and 8 a.m. and in the evening between 7 and 8 p.m. The same schedule was used in placebo-treated controls. Dosage was adjusted to actual body weight twice a week.
Systolic BP measurements and termination
At the end of experimental treatments, arterial systolic blood pressure (sBP), as a measure of hypertension was measured prior to daily treatment by the tail-cuff plethysmographic method in pre-trained conscious animals pre-warmed in thermostatic cages. Measurements were repeated several times and the mean of six consecutive values after stabilization was taken. Twenty-four hours after the final dose (i.e. morning or evening, respectively), animals were sacrificed and the left kidney was removed and cortex was prepared and used for further investigation.
RNA isolation and RT-PCR
We studied the mRNA levels of two crucial circadian genes Bmal1 and Per2 in renal cortex by real-time PCR reaction. Tissue samples were homogenized in liquid nitrogen and total RNA was isolated by phenol/chloroform extraction (TriReagent®, Sigma Aldrich, USA). The quality of isolated RNA was verified by agarose gel electrophoresis and spectrophotometric analysis (NanoDropND-1000, Thermo Scientific, USA). Two micrograms of total RNA were reverse-transcribed using high-capacity cDNA Reverse Transcription Kit with RNAse inhibitor® (Applied Biosystems, USA). Real-time PCR (StepOne Plus System, Applied Biosystems, USA) was performed using SYBR Select Master Mix (Applied Biosystems, USA). The results were normalized to the expression of endogenous reference genes (Beta-2 microglobulin, B2m; Hprt1, hypoxanthine phosphoribosyltransferase 1) and calibrated to the control group. The following primer sequences were used: Bmal1 (forward: 'GCACTCACACATGGTTCCAC' , reverse: 'CATTCCGCAAGGTGTCCTAT'), Per2 (forward:
'GCACAAAGTCAGGGTAGGCC' , reverse:
'GCATCAGTAGCCGGTGGATT'), B2m (forward:
'ATGGAGCTCTGAATCATCTGG' , reverse: 'AGAAGATGGTGTGCTCATTGC') and Hprt1 (forward:
'CAGCTTCCTCCTCAGACCGCTTT' , reverse: 'TCACTAATCACGACGCTGGGACTG'). All primers (SigmaAldrich, USA) were designed by Primer3 version 0.4.0 into intron/exon boundaries to avoid the amplification of genomic DNA. All primers were verified to yield a single PCR product with the correct molecular weight and the absence of signal was confirmed when reverse transcription was omitted (Radik et al., 2016) .
Statistical analysis
All variables are reported as mean ± standard deviation (SD) or standard error of the mean (SEM). Means were compared using ANOVA with subsequent Tukey's HSD multiple comparison test for normally distributed data or KruskalWallis test followed by pairwise Wilcoxon test with HolmBonferroni correction for non-parametric data, with p < 0.05 considered as statistically significant. Mean PCR efficiency estimates (E) per amplicon and quantification cycle (Cq) values per sample were determined with LinRegPCR software (version 2015.0) and efficiency corrected relative expression ratios were calculated (all reactions had E > 1.8 and Cq < 35). Data were handled by GraphPad Prism (GraphPad Software, Inc., version 6).
rESultS
Following 1-week treatment, we observed reduction of sBP in the morning but not in the evening dosing group, while at the of the 6-week period, treatment was efficient against placebo in both treated groups (Fig. 1) . As expected, mRNA expressions of Bmal1 in renal cortex were suppressed in the evening (Tab. 1). Interestingly, evening treatment intensified the reduced Bmal1 levels after one as well as after 6 weeks of therapy. Per2 expression was less altered, and we found significantly increased mRNA expression only in the evening-treated group (Tab. 1).
dISCuSSIon
Chronopharmacological studies comparing morning and evening dosing of amlodipine+valsartan combination conducted so far have given contradictory results (Hermida et al., 2010; Asmar et al., 2011). In our study, comparison against placebo group revealed that BP control was established faster with morning dosing, but no difference was seen between morning and evening dosing after long-time treatment. So while the long-term treatment with the combination of antihypertensives was demonstrated to be equal regardless of administration time, morning dosing (i.e. during inactive period of rat) exhibited accelerated onset of action and the efficacy of the treatment was established earlier than with the evening dosing (i.e. during active period of rat).
In SHR model, abnormalities in the expressions of clock genes are limited to hypertrophied left ventricles as concurrently to significant differences in the left ventricular levels of Bmal1 and Per2 (Naito et al., 2003) and lack of significant alterations in clock gene expression were reported in aortas and kidneys in SHRs when compared to normotensive rats (Naito et al., 2003; Cui et al., 2011) . Consequently, studies pay less attention to peripheral circadian clock pathway in kidneys during the progression of hypertension, though kidneys are crucial modulators of blood pressure (Vavrinec et al., 2011; Ulu et al., 2013; Vavrinec et al., 2013) . Indeed, the hypertensive renal injury occurs several months later than the development of hypertension and left ventricular hypertrophy in SHRs (Braun et al., 2013; Klimas et al., 2015) . However, we observed antihypertensive treatment-induced alterations already in young SHRs, which suggest that treatment might alter the circadian clock independently of disease development in the kidneys of SHRs. Although the observed effect of antihypertensive drugs on circadian clock pathway seems to be unspecific, it may have significant influence on the both therapeutic outcome as well as safety of particular drugs. Whether this action provides benefits or not is related to therapeutic failure in patient subpopulations, which requires further investigation. 
ConCluSIon
In conclusion, we obtained evidence that chronopharmacological effect of amlodipine and valsartan combination observed in short-term treatment was diminished in long-term settings. Our results provided experimental evidence supporting the idea that the combination therapy of valsartan and amlodipine is lacking significant chronopharmacological properties in long-term treatment, while in acute treatment, this combination might be more beneficial when administered during inactive phase. Additionally, our findings showed that the combination of valsartan and amlodipine influences circadian clock pathway in kidneys independently from sBP, i.e. pharmacotherapy may serve as an independent modulator of circadian clock. Still, it remains to be clarified whether modulation of circadian clock contributes someway to the outcome of treatment. If yes, this would further support the concept of the optimization of antihypertensive treatment by timing along the circadian scale.
